glucosidase III. The three enzymes produced panose as the main a-glucosyltransfer product from maltose. Half the maltose-hydrolyzing activities of the three enzymes were inhibited by 1 1.25 ng of castanospermine. The inhibition was competitive.
The enzyme a-glucosidase is ubiquitous in higher plants. It has been suggested that aglucosidase forms a part of the non-phosphorolytic pathway for the breakdown of starch, and functions in seed germination by hydrolyzing the oligosaccharides produced by a-and /?-amylases.1 '2) However, many a-glucosidases from various origins readily hydrolyze soluble starch to glucose, and a-glucosidases from sugar-beet seeds hydrolyze soluble starch at a faster rate than maltose.3'4) This solublestarch-hydrolyzing activity suggests that the enzymes may even hydrolyze starch to glucose without the preceding action of a-and jS-amylases in the plant tissue. Thus the physiological function of a-glucosidase in plant tissue is not yet clear. Tissue culture is often useful in studying the various physiological phenomena of higher plants, and may be useful in making the physiological function of a-glucosidase clear. However, there are only a few reports on a-glucosidase in cultured plant cells.5~8) Furthermore, there are few a-glucosidases which have been isolated in highly purified forms from cultured plant cells with their properties examined in detail. In our.previous paper, we reported that two a-glucosidases were isolated in highly purified forms from soybean callus and that they appeared to be the most common type of a-glucosidase in plants. 8 Reisfeld et al.13) After the run, the gel was stained for proteins with 1% amido black 10 B in 7% acetic acid.
Paper chromatography. The sugar solution was spotted on Toyo No. 50 filter paper, and the paper was developed three times at room temperature by the ascending method with a solvent system of 1-butanol-pyridine-water (6 : 4 : 3, v/v). After drying, the products were detected by the silver nitrate dip method.14)
Estimation of molecular weight. The molecular weight of the purified a-glucosidases was estimated by gel filtration with Sephadex G-200.
Liquid column chromatography. For identification of transglucosylation products, the reaction mixture of aglucosidase with maltose was subjected to a JLC 6-AUH liquid chromatograph (Nihon Denshi, Akishima, Japan). Orcinol dissolved in cone, sulphuric acid (1.5 g/liter) was used as the assay reagent. 
/. Purification of a-glucosidases
The culture supernatant (Fraction I) was concentrated by an Ultra filtration System (model MC-4; Bioengineering Co., Ltd., Tokyo, Japan). Rice cells (2,300g) were suspended in 1.6 liters of 0.025m acetate buffer, pH 4.5 (buffer A), and disrupted by sonication (at 20kHz, model 5202 PZT, Ohtake Works, Tokyo, Japan) for 15min at 0°C. Complete disruption of the cells was confirmed by light microscopy. The homogenatewas centrifuged at 8,000xg for lOmin and the supernatant (Fraction II) was collected. The precipitate of cell wall debris was washed, suspended in 500ml of buffer A containing 2m NaCl, and stirred overnight. The suspension was centrifuged at 8,000xg
for 1*0min and the supernatant (Fraction III) was collected.
Step 1. Fractionation with ammoniumsulfate.
Fractions I, II, and III were brought to 0.9 saturation with ammoniumsulfate. Each precipitate was collected by centrifugation, dissolved in buffer A, and dialyzed overnight against buffer A.
Step 2. First CM-cellulose column chromatography. The dialyzed solutions were separately put on CM-cellulose columns (1.6cm diameter, 10 cm length) equilibrated with buffer A. The columns were first eluted with the same buffer to wash off the unadsorbed protein, and then with a linear gradient of 0~0.3m NaCl also in the same buffer ( Fig. 1) . The eluates having a-glucosidase activity were concentrated by a Micro-Ultra filtration System (model 8 MC; Amicon Corporation, Lexington, Mass., U.S.A) and dialyzed overnight against buffer A.
Step 3. Preparative disc gel electrophoresis. Fraction Number gel and 18ml of concentrating gel. The gels and the electrode buffer were prepared by the method of Reisfeld et al.13) Electrophoresis was done at 43mA for 20hr with the cathode in the lower chamber. After electrophoresis, the gel was cut into 0.5cm sections and crushed in buffer A. The active fractions were combined.
Step 4. Second CM-cellulose column chromatography. After removing insoluble materials by filtration, the enzyme solutions were put on the CM-cellulose columns as described above. After washing off the unadsorbed materials with buffer A, the columns were eluted with the same buffer containing 0.3m NaCl.
The eluates were dialyzed overnight against buffer A and concentrated by a MicroUltrafiltration System. The purified enzymes from Fractions I, II, and III will be called aglucosidases I, II, and III, respectively. A summaryof the purification procedure is given in Table I . The purified enzymes were homogeneous by polyacrylamide gel electrophoresis (Fig. 2) . Their protein bands coincided with aglucosidase activity.
//. Properties of enzymes 1) Molecular weight. The molecular weights of the three enzymes were estimated to be 96,000 (I), 84,000 (II), and 58,000 (III) from gel filtration with Sephadex G-200 (Fig. 3) . 2) pH Optimum and pH stability.
The pH optima of the three a-glucosidases were found to be 4.0-4.5 (I), 4.0 (II), and 4.0 (III). After 20hr preincubation at 30°C with 0.05m Mcllvaine's buffer, the three enzymes were stable in the pH range of 4.0-7.0. 3) Temperature optimum and heat stability. The temperature optima of the three a-glucosidases were found to be 55°C (I) and 50~55°C (II, III) (Fig. 4) . After 15min preincubation with 0.05 m acetate buffer, pH 4.5, the three enzymeswere stable at temperatures up to 45°C (I, III) and 55°C (II) (Fig. 5). 4) Substrate specificity. The activity of the three a-glucosidases on various substrates was examined and the relative rates of hydrolysis are listed in Table II . For enzyme assays we measured the amount of glucose liberated from substrate as described in Materials and The value was calculated from half of the amounts of glucose measured. those of the other substrate for the same degree of hydrolysis. In Table II (III) (Fig. 6) . When the reaction of the three a- Fig. 7 . Paper Chromatograms ofTransglucosylation Products ofa-Glucosidases I, II, and III from Maltose. Reaction mixture (2 ml) containing 1.0 ml of 10% maltose, the enzyme preparation (a-glucosidase I, 0.057 unit;
a-glucosidase II, 0.039 unit; a-glucosidase III, 0.050 unit), and 0.2ml of 0.5m acetate buffer, pH 4.5, was incubated at 37°C. At various times, 0.025 ml of the reaction mixture was chromatographed as described in Materials and Methods.
glucosidases with maltotriose was investigated by gas-liquid chromatography, the product was a-glucose (data not shown).
5)
oi-Glucosyltransfer products. a-Glucosidases I, II, and III were incubated with 5%maltose and the products were studied by paper chromatography. Two unknown substances were detected in each case on the chromatograms (Fig. 7) . On the basis of similarities in the elution pattern in liquid chromatography, the main substance (X2) is presumed to be panose (Fig. 8) . Methylation of substance X2 gave rise to 2,3,4,6-tetra-Me-Glc, 2,3,6-tri-Me-Glc, and 2,3,4-tri-Me-Glc. Substance X2 was hydrolyzed into glucose and maltose by Aspergillus awamori a-glucosidase,18) which hydrolyzed phenyl a-maltoside into glucose and phenyl a-glucoside. These results mean that substance X2 is panose. 6) Inhibitor. To identify the effect of metal ions, enzyme solutions (0.4ml) were mixed with 0.02ml of0.1 m of the ion and incubated at 37°C for 30min; then, 0.1 ml of 1% maltose was added. The resulting mixture was kept at 37°C for 120min. Na+, K+, Ba2+, Ca2+, Co2+, Mn2+, Mg2+, Zn2+, and EDTA had no effect, but Hg2+ inhibited the activities of the three enzymes completely.
There are two kinds of a-glucosidase that are involved in the processing reaction in the biosynthesis of the oligosaccharide portion of the N-linked glycoprotein.19) Elbein et al. reported that castanospermine inhibits the processing reaction of the oligosaccharide portion of the influenza viral hemagglutinin. 20) This kind of a-glucosidase has not been reported in plants. Therefore, it would be interesting to see how effectively castanospermine can inhibit the three enzymes. When 1 1.25 ng of castanospermine were mixed in 0.5 ml of the reaction mixture, half of the maltose-hydrolyzing activity was inhibited. The inhibition was essentially competitive whenmaltose was the substrate (Fig.  6 ).
DISCUSSION
Three a-glucosidase were isolated in highly purified form from suspension-cultured rice cells. a-Glucosidase I was secreted into the culture mediumduring growth. a-Glucosidase II was readily extracted from rice cells with buffer alone, whereas a-glucosidase III required NaCl to be solubilized. Therefore we think that a-glucosidase III is bound to the cell wall via ionic interactions.
The three enzymes seem to be in different parts of the rice cell.
The three a-glucosidase from suspensioncultured rice cells readily hydrolyzed maltose, maltotriose, maltotetraose, amylose, and soluble starch. They are similar to the two aglucosidases from rice seeds21} in substrate Fig. 5 was incubated at 37°C for 48hr and 0.2ml of the reaction mixture was mixed with 4.8 ml of0.13 m sodium borate, pH 7.5. The mixture was assayed by liquid chromatography using a long (0.8 (f> x 50cm) and a short column (0.8 </> x 15 cm) packed with LC-R-3 quarternary ammonium ion-exchange resin.
1, panose; 2, maltotriose; 3, maltose; 4, isomaltotriose; 5, isomaltose; 6, glucose. readily hydrolyze isomaltose. a-Glucosidase I hydrolyzed isomaltose faster than the enzymes from A. awamori.18) a-Glucosidase I is similar to the enzyme from sugar-beet seeds40 in its strong isomaltose-hydrolyzing activity; there have been few reports of this kind of aglucosidase in plants.
The a-glucosidases from suspensioncultured rice cells and rice seeds differed in their a-glucosyltransfer activity patterns. The three enzymes from suspension-cultured rice cells produced panose as the main a-glucosyltransfer product from maltose while that of the two enzymes from rice seeds21} was maltotriose. Most of the a-glucosidases tested in plants readily hydrolyzed soluble starch and produced maltotriose as the main a-glucosyltransfer product from maltose.40 Therefore, the three enzymes from suspension-cultured rice cells appear to be a rare kind of aglucosidase in plants.
The molecular weights of the three enzymes were estimated to be 96,000 (I), 84,000 (II), and 58,000 (III) from gel filtration with Sephadex G-200. The molecular weights of aglucosidases II and III are close to those of the two enzymes from rice seeds.21) Since the molecular weight of a-glucosidase I is the largest of the three, we think that a-glucosidase I may be different from a-glucosidases II and III, and may not be a modified protein of the two enzymesin the culture mediumafter the secretion.
